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(57) Abstract 

A fluid pump has an outer cylindrical housing (40) 
rotating relative to a central hub (44) from which projects a 
radial probe (52) apertured in its external surface to be ex- 
posed to the flow therepast of a rotating annulus of opera- 
tional fluid (14). The probe has an internal passage (54) for 
communicating the aperture (56) with the exterior, so that 
fluid is drawn into the pump due to suction created at the 
probe. A Pitot tube (26) is also exposed to the rotating 
fluid, and from an aperture thereof fluid is expelled from 
the pump. The fluid drawn into the probe (52) may be a 
gas to be scrubbed, and the rotating operational fluid may 
be an active liquid to dissolve impurities from the gas. 
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Title: Method and apparatus for processing fluids 
Field of the Invention 

This invention relates to a method and apparatus for 
processing a fluid (liquid or gas), particularly using a 
pump of a type in which an aperture in a probe is exposed 
to a body of rotating fluid within the apparatus. 

Background to the invention 

In UK Patent No. 2154579 there is disclosed such a pump in 
which an apertured probe is subjected to a rotating body 
of liquid in the pump. It has now been surprisingly found 
that by adopting relatively small modifications, such 
apparatus (herein also called a pump), may be used for 
several other purposes, such as for mixing or separation 
of fluids and in particularly for the scrubbing or 
purifying of fluids having impurities therein. 

Summary of the Invention 

According to one aspect of the invention, there is 
provided a method of pumping comprising the steps of: 

- relatively rotating the inner and outer parts of a pump 
which is filled with fluid and which includes an 
apertured probe within the body of rotating fluid so that 
suction is created at the aperture in the probe due to the 
passing fluid; 
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- communicating the probe with a first external region 
containing fluid which may be the same as, or different 
from, the fluid in the pump, so that fluid is drawn in due 
to the suction effect; and 

- communicating the central region of the pump body with e 
second external region, whereby fluid can be displaced 
from the interior of the pump to the exterior thereof as 
fluid is sucked into the pump body. 

The pumping action therefore uses the increase in the 
pressure of the fluid in the pump to expel fluid 
therefrom. 

As indicated, the pumped fluid may be the same as the 
fluid rotating within the pump. 

Generally, however, it is preferred for the fluid rotating 
within the pump to have a higher density than the pumped 
fluid. 

In one example,. for pumping air, the body of fluid 
rotating within the pump may be of a heavy inert gas such 
as Xenon or Sulphur hexaf luoride . 

In another example, the pumped fluid may be water using a 
body of rotating liquid within the pump, which may itself 
be water or more preferably a liquid of heavier density 
than water . . 

According to another aspect of the invention it is 
possible to suck in a mixture of fluids which separate 
under rotation within the pump, allowing differing fluids 
to be expelled at differing exits, e.g., one at the centre" 
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and one near the periphery of the space defined between 
the two relatively rotating parts of the pump. 

If the pumped and rotating fluids are different the body 
of rotating fluid need not fill the internal space defined 
between the relatively rotating inner and outer parts. 

It is not always necessary for suction to be created at 
the probe; for example in the separation of fluids it may 
be preferred to feed the mixed fluids to the aperture 
under pressure. 

If the same fluid is pumped as is in the pump body, it is 
preferred to establish communication between the body of 
rotating fluid and the exterior of the pump body at a 
point where the internal pressure of the pump is best 
utilised . 

Thus, according to a further aspect of the invention, 
there is provided pumping apparatus comprising: 

- relatively rotatable inner and outer pump parts; 

- a body of fluid contained between the inner and outer 
parts and caused to move in rotation; 

- an apertured probe exposed to the body of fluid to 
create suction at the probe aperture, whereby fluid is 
drawn in the pump through the probe; and 

- a Pitot tube having an aperture exposed to the body of 
rotating fluid and through which fluid is expelled from 
the pump. 
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For best utilisation of the Pitot tube, its inlet end is 
preferably exposed to the body of rotating fluid near the 
outer periphery thereof, where the rotating fluid is 
travelling at its highest speeds* 

In a pumping apparatus of the described kind, the suction 
effect into the probe can be increased by the provision of 
one or more protrusions on one of the relatively rotating 
parts which cause the rotating fluid to be locally 
squeezed as it passes the probe aperture. This locally 
increases the fluid velocity and thereby enhances suction. 
The effect is increased when one or other of the probe and 
the protrusion or protrusions, but not both, is or are 
rotating with the body of fluid. 

When a Pitot tube is employed, it may be advantageous to 
utilise the squeezing effect on the body of fluid, due to 
the provision of the protrusion or protusions above 
described, to increase the speed of impact of the rotating 
fluid into the Pitot tube aperture. In a preferred 
arrangement of the pumping apparatus, therefore, 
protrusions rotating relative to the probe are provided 
for the dual purpose of enhancing suction of working fluid 
"into the apparatus and of increasing expulsion of fluid 
through the Pitot tube. As with known pumps using a Pitot 
tube, the apparatus of the invention is primarily 
advantageous when the working fluid is a liquid. 

Moreover, it may be advantageous to employ more than one 
apertured probe for sucking the working liquid into the 
apparatus? and analagously, two or more Pitot tubes may be 
employed to increase expulsion of the working fluid, the 
Pitot tubes being circularly distributed around the pump 
housing in the same way as are the apertured probes. 
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It will be apparent that, if a mixture of fluids of 
differing densities (normally a liquid and a gas) is 
sucked in via one or more apertured probes, the fluids 
will tend to separate under the action of the centrifugal 
forces existing within the apparatus, with the more dense 
fluid rotating radially beyond a central region filled 
with the less dense fluid. Thus the less dense fluid may 
be expelled through a centre outlet, and the more dense 
fluid expelled via a Pitot tube having its inlet disposed 
in the radially outer regions. This method is especially 
effective where a liquid/gas mixture is sucked in through 
the one or more apertured probes, but is also generally 
applicable to fluid mixtures containing fluids of 
differing densities. 

Since the pump is capable of pumping mixtures ranging from 
100% gas to 100% liquid, it may be applied to the pumping 
and separating of oil/gas mixtures such as occur in 
oilfields. In such case the pump would discharge 
virtually pure oil out from the Pitot tube, positioned 
near the outside of the rotating fluid mixture, and 
virtually pure gas through the centre of the pump. 

A preferred probe is in the form of a wing extending 
parallel to the axis of the pumping apparatus and 
apertured parallel to said axis. When the outer part or 
casing of the apparatus rotates about a fixed central hub, 
this wing may be supported either by a strut attached to 
the fixed hub or to a fixed supporting disc mounted within 
the rotating pump housing. It is important for the wing 
not to reduce the ram effect of the rotating fluid on the 
Pitot tube and, if the Pitot tube is located adjacent the 
wing close to the periphery of the rotating body of 
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liquid, the wing may be cut away in line with the Pi tot 
tube inlet. 

In an alternative arrangement, however , the Pitot tube 
inlet is positioned radially within the wing (i.e. at a 
smaller radius from the pump axis than the wing) . In this 
case, an additional advantage arises in that the apparatus 
is self-priming- Thus, assuming that on shut down a 
residual quantity of liquid is left in the housing, this 
will be constrained to rotate past the probe when tne 
power is switched on and the housing starts to rotate, 
causing additional liquid to be sucked in until the 
rotating ring of liquid has built up to a thickness great 
enough for the Pitot tube to become operative. 

Gas scrubbing has hitherto typically involved the passage 
of a contaminated gas through a body of neutralising 
liquid (ie a bath or curtain or spray of the. neutralising 
liquid) . This has required a fan or compressor to effect 
the passage through the liquid and intimate mixing has 
been difficult to achieve. 

The present invention allows very intimate mixing of a gas 
and a neutralising liquid if . the latter is employed as the 
working fluid in a pump of the type described in the 
aforementioned UK Patent NO.-2159579 . 

According therefore to another aspect of the present 
invention there is provided a method of gas scrubbing 
which comprises the steps of: 

- relatively rotating the inner and outer parts o£ a pump 
which is filled with an active fluid and which includes an 
apertured probe within the body of rotating fluid so that 
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suction is created at the aperture in the probe due to the 
passing fluid; 

- communicating the probe with a first external region 
containing a gas to be scrubbed, so that gas is drawn in 
due to the suction effect; and 

- communicating the central region of the pump body with a 
second external region, whereby gas can be displaced from 
the interior of the pump to the exterior thereof as gas is 
sucked into the pump body. 

The pumping action therefore uses the increase in the 
pressure of the fluid in the pump to expel gas therefrom. 

The active fluid is chosen to dissolve or otherwise remove 
unwanted impurities in the incoming gas. 

The active fluid may be a gas or a liquid or a vapour. 

Where the active fluid is a liquid, the passage of the 
above mentioned protrusions over the probe(s) is believed 
to generate shock waves which cause relatively large 
bubbles of gas to be broken up to a very small size so as 
to give a large area of contact between the fluid and the 
gas, thereby improving the gas scrubbing. 

Clean fresh active fluid may be added via the suction 
probe (normally used to input the gas) or via a central 
port in a static part of the pump, and spent active fluid 
may be recovered using a radially inwardly positioned 
Pitot scoop. 

Alternatively or in addition two such pumps may be 
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multiplexed and the spent active fluid from the one may be 
replaced with fresh active fluid whilst the other is 
operational and vice versa. 

The pump in accordance with the invention may analogously 
be used to purify a liquid by liquid scrubbing, in which a 
gas is passed through the liquid to remove or replace 
unwanted contaminants in the liquid. For example, clean 
air may be used to remove volatile solvents in solution in 
oil; or as a further example, nitrogen may be passed 
through water (eg sea water) containing dissolved oxygen, 
in order to strip out and replace the oxygen and thus help 
to prevent oxidisation eg in pipes. 

Description of Embodiments 

The method and apparatus of the invention will be 
described by way of example with reference to the 
accompanying drawings, in which 

Figure 1 shows one embodiment of apparatus in accordance 
with the invention; 

Figure 2 shows a second embodiment; and 
Figure 3 shows a modification thereto. 

The pump shown in Figure 1 has a cylindrical housing 10, 
and a tubular probe 12 extending through the housing wall. 
Filling the housing is a body of fluid 14. 

Mounted co-axially within the housing is an impeller 16 
which has a central core 18 and a number of radial blades 
20. An external motor (not shown) drives the impeller 16 
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in rotation and the rotating blades 20 act on the fluid 14 
to set this in motion. Thus, the rotating impeller causes 
the fluid to move in a circular path. 

Also mounted in the housing is a Pitot tube 26, having its 
inlet near the periphery of the rotating fluid. 

If the fluid 14 is a mixture of gas and liquid, the Pitot 
tube 26 will be used to remove the separated liquid, while 
the gas is removed from an outlet (not shown) towards the 
centre of the pump. On the other hand if the pump is 
being used as a liquid pump, the liquid can either be 
removed at low pressure and at a high flow rate from the 
said central outlet, or at a high pressure and at a low 
flow rate from the Pitot tube 26. 

Where a flow control valve such as a one-way valve ic to 
be incorporated in the inlet or outlet or both it may be 
located at equivalent positions such as are shown at 53 
and 55 in Figure 2. 

In the case of a multi-stage pump, the outlet of the Pitot 
tube 26 will be connected to the inlet of the next stage 
of the pump. 

The probe 12 shown is in the form of a cylidrieal tube and 
this tube will be connected to the space to be evacuated. 
Near the bottom of the tube is an opening 28 in the tube 
side wall. The end of the tube is closed. As shown, this 
opening 28 is open in the direction generally 
perpendicular to the flow of fluid indicated by the arrows 
30. As the body of fluid 14 rotates, fluid is drawn 
through the tubular probe 12, through the opening 28 into 
the interior of the pump. At the same time, fluid is 
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rammed into the inlet of the Pitot tube 26, thence to be 
expelled to atmosphere. 

More than one tubular probe 12 and more than one Pitot 
tube 26 may be located around the cylindrical housing to 
provide separate independent pumping devices or if 
connected in parallel to increase the pumping speed or 
throughput- 

When pumping fluids (gases or liquids) which are less 
dense than the fluid medium within the pump, it is not 
essential for the pump to be filled, and it may operate 
with a rotating ring of fluid medium. Clearly the pump may 
alternatively act in the pressurisation mode. 

The pump shown in Figure 2 has a housing 40 which is set 
in rotation in the direction of arrows 42 by an external 
motor (not shown). The housing rotates about a central 
hub 44* As would also be possible in the embodiment of 
Figure 1, a ring of fluid medium is shown at 4 6 in the 
position the latter will occupy when in use. 

Radial protrusions 48 are provided around the inner 
surface of the housing 40. These protrusions help to set 
the fluid medium 46 in motion when the housing rotates, 
but also serve to enhance the suction effect in the probe 
as above described. The protrusions 48 may extend 
parallel to the axis of the housing or may be skewed 
relative thereto. Additionally or alternatively the probe 
may likewise be skewed. 

A stem 50 (preferably streamlined in shape) extends 
radially from the hub 44 and carries a probe 52 which is 
located within the flowing fluid medium 46. The probe is 
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wing shaped and is aligned with the liquid flow direction 
and extends nearly the full length of the cylinder. 
Suction passage 54 opens in the radially outer surface of 
the probe and may be a circular hole 56 (or holes) or more 
preferably a slot, parallel to the pump axis. An exhaust 
passage 58 opens into the cylindrical space 60 at the 
centre of the pump, and both passages 54 and 58 pass out 
of the pump through the central hub 44. 

In addition, a Pitot tube 26 communicates with a separate 
outlet 27 through the central hub 44. The Pitot tube 26 
is located adjacent the wing probe 52, the latter if 
necessary having a cut-out to allow the rotating fluid 
medium to impact freely on the Pitot tube inlet. Also if 
necessary, cut-outs may be provided in the protrusions 
48. 

When employed to separate for example, a liquid/gas 
mixture, the chamber into which the gas is to be pumped is 
connected to the exhaust passage 58 and the inlet 54 to 
the liquid/gas mixture source. A chamber into which 
liquid is to be expelled is connected to the outlet 27 
from the Pitot tube 26. References 53 and 55 denote 
possible positions for flow control valves, such as one 
way valves, if either or both is required, in the Figure 2 
embodiment . 

The fluid medium 14 or 46 may, in use of the pump for 
evacuation or for compression purposes, be oil or possibly 
water or, if hydrocarbon absence is essential, a low 
melting point liquid metal or alloy. 

As with the Figure 1 embodiment, more than one probe and 
stem assembly such as 50, 52 and likewise more than ono 
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Pitot tube 26, may be mounted to extend radially Erom the 
hub 44, so as to be circularly spaced around the housing. 

Figure 3 shows a modification of the probe 52 of Figure 2. 
In this modification, the probe 70 carried by the stem 50 
has a basic wing shape. based on an axis which is curved. 

The basic wing shape 74 is, however, cut away to form a 
linear ramp 76 on the leading side of the wing. The 
aperture 78, corresponding to the aperture 56 of Figure 2, 
lies at the top of this linear ramp 76. The ramp may 
alternatively be convexly or concavely curved. 

Filters and/or valve means may be employed in the inlet 
and outlet as required, as exemplified by the previously 
referred to control valves 53 and 55. 

Figure 3 also shows the Pitot tube 26 relocated in a 
position below the probe 70. This modification has the 
advantage that the pump is self -priming. 

Although the Pitot tube has been shown in the illustrated 
embodiments in relatively close association with the stem 
50 and probe 52, the precise positioning of the Pitot tube 
(or tubes, where more than one is employed) and the stem 
and the probe (or probes) need not be as shown, but may 
involve the positioning of the Pitot tube(s) at 
circumferentially spaced positions relative to the 
stem(s) . 

The invention also envisages the provision of means for 
adjusting the position of the Pitot tube(s) relative to 
the stem(s) and probe (s) to enable positions of maximum 
efficiency to be founds 
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Various modifications of the above described and 
illustrated embodiments are possible within the scope of 
the invention herein defined. 
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CLAIMS 

1. A method of processing fluids comprising the steps of: 
relatively rotating inner and outer parts of a pump which 
contains a body of a rotating first fluid and which 
includes an apertured probe immersed in said body; 
communicating the probe with a first external region 
containing a second fluid which may be the same as or 
different from the first fluid, causing the second fluid 
to be fed to apertures in the probe; and communicating the 
central region of the pump with a second external region, 
whereby fluid can be displaced from the interior of the 
pump to the exterior thereof as the second fluid ^into~ the 
pump . 

2. A method as claimed in claim 1 in which the probe is 
arranged to create suction at the aperture due to the 
rotating fluid, whereby the second fluid is drawn by 
suction through the aperture, 

3. A method as claimed in claim 1 or claim 2 in which 
said first and second fluids are a mixture of fluids which 
will separate under rotation within the pump r allowing 
differing fluids to be expelled at differing exits, e.g., 
one fluid at the centre and another fluid near the 
periphery of the space defined between the two relatively 
rotating parts of the pump, 

4. A method as claimed in claim 1 or claim 2 in which the 
second fluid is a gas to be scrubbed, and the First fluid 
is an active fluid chosen to dissolve or otherwise remove 
unwanted impurities from the incoming gas to be scrubbed. 
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5. A method as claimed in claim 1 or claim 2 in which the 
first fluid is a liquid to be scrubbed, and the second 
fluid is a clean gas adapted to remove or replace solvent 
constituents from the liquid. 

6. A method as claimed in claim 4 or claim 5, further 
comprising the step of adding fresh active fluid via the 
apertured probe or via a static part of the relatively 
rotating parts of the pump. 

7. A method as claimed in any one of claims 4 to b , in 
which the spent active fluid is recovered using a radially 
inwardly positioned Pitot tube - 

8. A pump comprising relatively rotatable inner and outer 
parts adapted to contain a body of fluid therebetween 
which is caused to move in rotation; an apertured probe 
exposed to the body of fluid to create suction at the 
probe aperture, whereby a fluid is drawn into the pump 
through the probe; and a Pitot tube having an aperture 
exposed to the body of rotating fluid and through which 
fluid is expelled from the pump. 

9. A pump as claimed in claim 8, further comprising at 
least one radial protrusion on the rotatable part of the 
pump which causes the rotating fluid to be locally 
squeezed as it passes the probe aperture. 

10. A pump as claimed in claim 8 or claim 9 in which the 
Pitot tube is positioned radially within the probe, so 
that the pump is self-priming. 
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